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(54) Power saving PLL circuit 

(57) A phase lock loop includes a voltage controlled 
oscillator (VGO). a phase comparator for comparing the 
phases of the output of the VCO and a reference signal, 
a charge pump circuit, including a plurality of current 
sources, for supplying a control voltage by charging or 
discharging a capacitor based on the outputs of the cur- 
rent sources, and a current source controller for control- 


ling the current output of the current sources by a n-bit 
current control signal. Charge current and discharge 
current by the charge pump circuit are controlled in n 
bits so that a rapid synchronization during lock-in and a 
low jitter after lock-in can be obtained. 
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Description 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention; 

The invention relates to a PLL (phase locked loop) 
circuit, in particular, to a power saving PLL circuit which 
includes a charge pump circuit for effecting a rapid lock- 
in and a low jitter. 

(b) Description of the Related Art: 

A conventional PLL circuit is known which includes 
a phase comparator, a VCO (voltage controlled oscilla- 
tor) and a charge pump circuit etc. The PLL circuit is 
generally used in a portable telephone system, a pager 
system, a frequency synthesizer which multiplies an 
input frequency by n. a frequency multiplier as used in a 
microprocessor, for example, for generating an internal 
clock frequency above an external clock frequency, or in 
a device which adjusts the timing of an input/output sig- 
nal. 

Fig 1 is a block diagram of a PLL circuit, showing 
an example of the prior art. In the drawing, a conven- 
tional PLL circuit la includes a reference frequency 
divider 2 which divides an external reference frequency 
supplied from a frequency generator (not illustrated), an 
internal frequency divider 7 to which a VCO output, to 
be described later, is input, a phase comparator 3 which 
receives outputs from both the frequency dividers 2 and 
7 at respective inputs thereof to effect a phase compar- 
ison, a charge pump circuit 4a. responsive to a result of 
comparison by the phase comparator 3. to supply 
charge current or sink discharge current, a low-pass fil- 
ter (e g LPF) 5 which passes low frequencies of an out- 
put from the charge pump circuit 4a. and VCO 6 which 
responds to an output from the filter 5 to supply a 
desired frequency as an output signal through an output 
terminal 8 and also to the internal frequency divider 7. 
To facilitate the understanding, the description will be 
given to a conventional PLL circuit la having a VCO in 
which an output frequency is proportional to a control 
voltage by a positive factor. However, the invention is not 
limited the type of the PLL circuit. 

In the PLL circuit la. the phase comparator 3 
receives at a fist input R the first output from the refer- 
ence frequency divider 2, which divides the external ref- 
erence frequency output from the reference frequency 
generator, as typified by a crystal oscillator of a temper- 
ature compensation type. The phase comparator also 
receives at a second input V the second output from the 
internal frequency divider 7. which divides the fre- 
quency of the output from the VCO 6, for effecting a 
phase comparison between both the input signals. 
When the first signal from the first input R is leading the 
second signal from the second input V. an inverted UP 
signal (XUP, i.e., top barred UP) is delivered at an output 
terminal XUR Conversely, when the first signal from the 


first input R is lagging from the second input V, an 
inverted DOWN signal (XDOWN) is delivered at its out- 
put XDOWN. When the input signals from both the 
inputs R and V substantially coincide with each other in 
5 phase, no output is delivered through the output XUP or 
XDOWN. 

The charge pump circurt 4a receives XUP or 
XDOWN signal from the phase comparator 3. When 
receiving a XUP signal, the charge pump circuit 4a sup- 
7C plies a charge current to the LPF 5 and sinks discharge 
current from the filter 5 when receiving a XDOWN sig- 
nal. The filter 5 functions to filter the potential change 
effected by the charge pump circuit 4a to supply a con- 
trol voltage to the VCO 6, which outputs an output signal 
15 having a frequency depending on the control voltage 
supplied from the filter 5. 

In this manner, the PLL circuit 1 a functions to output 
a required frequency, using the external reference fre- 
quency supplied from the reference frequency genera- 
te tor. 

Recently, field of application for the PLL circuit is 
increasing, and an increased demand is placed on the 
PLL circuit so as to improve its characteristics such as a 
reduction in lock-up time, a low jitter, a reduction in cur- 

25 rent dissipation, for example. In particular, to improve 
the response of the PLL circuit, it is necessary to reduce 
the pull-in time effected by the charge pump circuit. 
However, a conventional charge pump circuit generally 
suffers from trade-offs between a reduction in the pull-in 

3c time and a low jitter after lock-in of the PLL circuit. 

There has been a proposal in the prior art for the 
PLL circuit to overcome the trade-offs described above. 
Fig. 2 shows an example of the proposal described in 
Patent Publication No. JP-A-1994-85,664 and is a cir- 

35 Guit diagram of a specific arrangement of a principal 
part of the improved PLL circuit described therein. The 
PLL circuit includes a synchronization detecting section 
18a in addition to the phase comparator 3, a charge 
pump circuit 4a, VCO 6 etc., which are similar to those 

4C in Fig. 1 , and some of them are omitted in Fig. 2. 

The synchronization detecting section 18a com- 
prises a NAND gate 28. a low-pass filter including a 
resister R1 having an end connected to the output of the 
NAND gate 28 and a capacitor C2 connected between 

45 the other end of the resistor R1 and ground, and an 
inverter 29 having an input connected to the other end 
of the resistor R1. 

Signals from the inputs R and V of the phase com- 
parator 3 are conpared against each other in the phase 

50 comparator 3, and output signals from the XUP output 
and XDOWN output are fed to the synchronization 
detecting section 18a. A signal corresponding to a 
phase error between the input signals of the phase 
comparator 3 is also delivered to the charge pump cir- 

55 cult 4a. The charge pump circuit 4a includes an inverter 
14, a switching control circuit 15 which receives the out- 
put signals, partly through the inverter 14, from the 
phase conparator 3, a current source 17a controlled by 
an output from the synchronization detecting section 
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18a and a current mirror section 16 which shifts or cop- 
ies the current output (!1+I2) supplied from the current 
source section 17a into a charge current 16 or a dis- 
charge current 17 to be delivered by the switching sec- 
tion 15. ^ 
The^switching section 15 includes switching FETs - 
Q6 and Q7 responsive to the output from the XUP and 
DOWN outputs, respective, of the phase comparator 3. 
The current source 17a includes FETs Q2 and Q12 
which determine the currents II and 12. and an FET i 
Q11 operating as a switching elemwt which controls 
the current 12. The FET Q1 1 is controlled by an output 
from the synchronisation detecting section 18a. The 
current mirror section 16 includes a first current mirror 
including FETs Q1. Q3 and Q5. and a second current 
mirror including FETs Q4 and Q8. Of these transistors, ^ 
FETs 02 and 012 are of N-channel depletion-type. • 
FETs 01, 03. 05, 06 and 011 are of P-channel 
enhancement-type, and FETs 04. 07 and 08 are of N- 
channel enhancement-type. 

When a targe phase difference exists between the 
signals from the inputs R and V. the phase comparator 
3 periodically delivers XUP or XDOWN signals having a 
large pulse width to charge the capacitor C2 in the syn- 
chronization delecting section 18a. whereby the input 
voltage VC of the inverter 29 rises. After the input volt- 
age VC exceeds the threshold voltage of the inverter 29. 
the output of the inverter 29. which represents a result 
of the comparison in the synchronization detecting sec- 
tion 18a, falls to a low level. 

As a consequence, the FET 011 is turned on, to 
pass a large current 16 or 17. which is proportional to the 
current (11+12), through the FET 05 or 08 in the current 
mirror section 16. thereby charging or discharging^he 
capacitor Cl connected to the output terminal 13 of the 
charge pump circuit 4a. 

When a phase difference between the signals from 
the inputs R and V is small, the phase comparator 3 
delivers XUP or XDOWN output less frequently, 
whereby the capacitor C2 in the synchronization detect- 
ing section 18a discharges, reducing the output voltage 
VC of the low-pass filter R1 and C2. As a consequence, 
the voltage VC falls to a level lower than the threshold 
voltage of the inverter 29, whereupon the output of the 
inverter 29 rises to a high level. Consequently, the FET 
01 ^ is turned off, and a low current 16 or 17 which is pro- 
portional to the current 11 passes through the FET 05 or 
08 in the current mirror section 16, thereby charging or 
discharging the capacitor CI connected to the output 
terminal 13 of the charge pump circuit 4a. 

In this manner, the improved PLL circuit detects a 
synchronized/non-synchronized state at the output of 
the phase comparator 3. and switches the current deliv- 
ered to the charge pump circuit 4a. i.e.. switches the 
charge/discharge current fed to the LPF 5 between two 
levels, thereby reducing the pull-in time by the charge 
pump circuit 4a while achieving a low jitter after estab- 
lishing a pull-in. 

Recently, systenrrs such as a portable telephone or 


a pager powered by a cell or battery are increasing. In 
order to extend the operational duration of the celt or 
battery it is requested to achieve a reduction in the 
power dissipation of such systems. 

In the improved PLL circuit as described above, the 
charge or the discharge current generated by the 
charge pump circuit can be only switched between two 
levels corresponding to the synchronized or non-syn- 
chronized state at the inputs of the phase comparator. 
That is, the power saving function of the conventional 
PLL circuit is not sufficient. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an 
improved PLL circuit having a small pull-in time effected 
by a charge pump circuit, a low jitfer after establishment 
of a pull-in. and capable of reducing a current dissipa- 
tion during the pull-in operation. 

In accordance with the invention, there is provided 
a PLL circuit comprising: a voltage controlled oscillator 
section for receiving a first signal representing a control 
voltage to output a second signal having a first fre- 
quency based on the control voltage; a phase compara- 
tor for comparing a first phase of the second signal 
against a second phase of a reference signal having a 
reference frequency to output a first or second phase 
error signal representing a magnitude of a phase lead or 
phase lag of the first phase with respect to the second 
phase; 

a current controller for receiving the first and sec- 
ond phase error signals to output a current control sig- 
nal representing a magnitude of the phase lead or 
phase lag. the current control signal being represented 
by n bits wherein n is not lower than two; and a control 
voltage generating section for receiving the first and 
second phase error signals and current control signal to 
generate the first signal, the control voltage having a 
magnitude based on the current control signal. 

In the PLL circuit of the invention, the current 
source controller preferably includes a synchronization 
detecting section which receives outputs from the 
phase comparator and determines whether input sig- 
nals to the phase comparator are synchronized or non- 
synchronized, and an n-bit counter for counting pulse 
duration of the phase error signals based on a clock sig- 
nal. 

In the PLL circuit of the present invention, the con- 
trol voltage generating section may include a current 

> source section including a plurality of current sources to 
control the charge current or discharge cun-ent. 

In the PLL circuit according to the present inven- 
tion, a pull-in time is reduced, while a low jitter and a low 
power dissipation can be obtained. 

? The above and other object, features and advan- 
tages of the invention will be more apparent from the fol- 
lowing description with reference to the accompanying 
drawings. 
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BRIEF DESCRIPTIONS OF THE DRAWINGS 

Fig. 1 is a block diagram of a conventional PLL cir- 
cuit; 

Fig. 2 is a circuit diagram of a specific arrangement 
of a principal part of an improved conventional PLL 
circuit. 

Fig. 3 is a block diagram of a PLL circuit according 
to an embodiment of the invention; 
Fig. 4 is a circuit diagram of a specific arrangement 
of a principal part of the PLL circuit shov/n in Fig. 3; 
Fig. 5 is a series of timing charts, illustrating signals 
appearing in Fig. 4; 

Fig, 6 is a series of timing charts, illustrating some 
of signals in Fig. 5 when the inputs of the phase 
comparator shown in Fig. 3 has a large phase error; 
Fig. 7 is a series of timing charts, illustrating some 
of signals in Fig. 5 when the inputs of the phase 
comparator shown in Fig. 3 has a small phase 
error; and 

Fig. 8 is a circuit diagram of a specific arrangement 
of a principal part of a PLL circuit according to 
another embodiment of the invention; 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring to the accompanying drawings, several 
en±KxJiments of the invention will. now be described. 

Fig. 3 shows a PLL circuit according to an embodi- 
ment of the invention. The PLL circuit 1 includes a refer- 
ence frequency divider 2 which divides the frequency of 
a reference frequency signal fed from an externa! refer- 
ence frequency generator not shown, an internal fre-, 
quency divider 7 v^ich divides the internal frequency 
output from a VCO 6, a phase comparator 3 for compar- 
ing the outputs from both the dividers 2 and 7 to supply 
UP signal, DOWN signal or no signal In accordance with 
a result of the comparison, a charge pump circuit 4, 
including a plurality of current sources, for receiving UP 
or DOWN signal from the phase comparator 3 to supply 
a charge current or sink a discharge current, a current 
source controller 9 for receiving UP and DOWN signals 
from the phase comparator 3 and a clock signal CLK 
from the reference frequency divider 2 to control the 
current output from the current sources in the charge 
punrp circuit 4, a filter ( a low-pass filter (LPF) in this 
embodiment) 5 for filtering an output from the charge 
pump circuit, and the VCO 6 responsive to an output 
from the LPF 5 to deliver a desired voltage through an 
output terminal 8 and to the internal frequency divider 7. 

The charge pump circuit 4.which receives UP or 
DOWN signal from the phase conrparator 3, is control- 
led by the cun-ent source controller 9 to generate a 
charge current for the output thereof upon receiving an 
UP signal and to sink a discharge current from the out- 
put thereof when receiving a DOWN signal. The filter 5 
and a VCO 6 are similar to those in Fig. 1 . and the 
details thereof will not be descrbed here for avoiding a 


duplication. 

In the exemplified configuration of the PLL circuit' 1 
in Fig. 3, an output from the reference frequency divider 
2 is supplied as the clock signal to the clock input CLK 
5 of the current source controller 9. However, the source 
of the clock signal is not limited thereto, but any clock 
signal having a frequency higher than the frequency of 
the output of the internal frequency divider 7 may be 
used as well. 

ic The PLL circuit 1 of the present emb'odiment has a 
low pull-in time, a low jitter after lock-in, and a lower 
power dissipation, which are obtained by changing, with 
the aid of the current source controller 9. the charge cur- 
rent or discharge current during the pull-in operation in 

15 accordance with the magnitude of the phase error 
between input signals R and V of the phase comparator 
3. 

Fig. 4 is a circuit diagram of an exemplified arrange- 
ment for a principal part of the PLL circuit shown In Fig. 

2c 3, showing a specific example of the charge pump cir- 
cuit 4 and the current source controller 9. The current 
source controller 9 includes a synchronization detecting 
section 18 and a counter section 19. The charge pump 
circuit 4 includes an inverter 14, a switching section 15, 

25 a current mirror section 16 and a current source section 
17. 

The phase comparator 3 receives through terminal 
11 and 12 signals R and V from the dividers 2 and 7. 
respectively, and compares the phases of both the 

3C inputs R and V against each other to supply an UP sig- 
nal or DOWN signal depending on the phase difference 
between the Inputs R and V. The synchronization 
detecting section 18 of the current source controller 9 
receives UP or DOWN signal from the phase compara- 

35 tor 3 to determine whether or not the PLL circuit is in a 
synchronized state. The counter section 19 receives the 
output from the synchronization detecting section 18 
and a clock signal from the frequency divider 2 to supply 
a 4-bit output signal representing the count therein to 

4c the current source section 1 7 through terminals 01 to 04 
of the up/down counter 20. 

The switching section 15 of the charge pump circuit 
4 receives the UP signal after inversion by the Inverter 
14 from the phase comparator 3 and a DOWN signal 

45 from the phase comparator 3 to effect switching 
between a charge mode arxJ a discharge mode of the 
capacitor Cl. The current source section 17 supplies a 
base (or constant) cun-ent 11 and signal currents 12 to 15 
which are weighted in accordance with the 4-blt signal 

sc supplied from the current source controller 9. The cur- 
rent mirror section 16 shifts or copies the output cun-ent 
flowing through the node "A" and supplied from the cur- 
rent source section 1 7 Into a charge current 16 or a dis- 
charge current 17 gated by the switching section 15. 

55 The output from the charge pump circuit 4 functions 
to charge or discharge the capacitor CI based on the 
current supplied from the current source section 17. 
which Is controlled by the current source controller 9. 
The output from the charge pump circuit 4 is delivered 
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through the output terminal 13 to the filter 5 shown in 
Fig. 3. By this configuration, it is possible to minimize 
the current dissipation in addition to balancing a rapid 
pull-in of the charge pump circuit 4 and a low jitter 

The circuit configurations oi the current source con- 5 
troller 9 and the charge pump circuit 4 will be more spe- 
cifically described below. 

The synchronization detecting section 1 8 of the cur- 
rent source controller 9 includes a NOR gate 21 and an 
OR gate 22 each having two inputs receiving UP and io 
DOWN outputs from the phase comparator 3. The 
counter section 19 of the current source controller 9 
includes a pair of three-input AND gates 23 and 24 
receiving outputs from the NOR gate 21 and OR gate 
22. respectively. The AND gate 23 and 24 further 75 
receive a clock signal and respective feed-back signals. ^ 
The counter section 19 further includes an up/down - 
counter 20 for receiving an up-counting input lU sup- 
plied from the AND gate 24 and a down-counting input - 
ID supplied from the AND gate 23. to supply a count 
output of a 4-bit binary data to the charge pump circuit 
4. The feed-back loops of the counter section 19 are 
formed by a 4Hnput OR gate 25 and a 4-input NAND 
gate 26 which form an OR sum and a NAND product, 
respectively, of the 4-bit binary outputs from the 
up/down counter 20 and which supply the feed-back 
input to the AND gate 23 and 24. respectively. This con- 
figuration enables the output to change in a continuous 
manner. 

The current source section 17 of the charge pump 
circuit 4 includes FET 02 and FETs 015 to 018. each 
of which is an N-channel depletion-type MOS FET hav- 
ing gate and source grounded, and FETs Oil to 014 
each formed by a P-channel enhancement-type MOS 
FET having source connected in common to an output 
node "A** of the current source section 1 7. The drains of 
the FETs 01 1 to 014 are connected to the drains of the 
transistors 015 to 01 8. respectively, while outputs 01 to 
04 of the up/down counter 20 of the counter section 19 
are supplied to the respective gates of the transistors 
01 1 to 014- The drain of the transistor Q2 is also con- 
nected to the output node "A" of the current source 
section17. The transistors 02. 015 to Q18 are sized in 
the ratio of 1 :1 :2:4;8 in order to weight current values II 
to 15. 

The current mirror section 16 and the switching 
section 15 of the charge pump circuit 4 are arranged in 
a manner similar to those shown in Fig. 2. and the 
details thereof will not be (jescribed here. 

. The operation of the current source controller 9 and 
the charge pump circuit 4 are as follows. The NOR gate 
21 and OR gate 22 in the synchronization detecting sec- 
tion 18 determine whether or not a synchronization is 
established based on the UP and DOWN signals deliv- 
ered from the phase comparator 3. Outputs from the 
NOR and OR gates 21 and 22 are supplied through 
AND gates 23 and 24 to the up/down counter 20 
together with the external clock signal having a higher 
frequency than the input signals supplied to the phase 


comparator 3. 

The up/down counter 20 counts-up or counts-down 
based on the outputs of the AND gates 23 and 24. 
thereby supplying count output thereof to control the 
FETs 01 1 to Q14 in the current source section 17. Spe- 
cifically, each bit of the counter output turns on or off the 
FETs 01 1 to Ql4 to generate a total current output "A" 
ranging from II to 16X11 where II represents the mag- 
nitude of the base current. 

The current output "A" ( A=I1+I2-hI3+I4-|.I5 ) is 
shifted or copied by the current mirror section 16 into a 
charge current 16 or a discharge current 17 of the switch- 
ing section 15. to charge or discharge the capacitor 01 
connected to the output terminal 13. In the current 
source controller 9, the detection of a borrow from the 
output of the counter 20 is made by OR gate 25 while 
the detection of a carry is made NAND gate 26. The 
purpose of detection of the borrow or carry is to prevent 
a sudden change in the output of the up/down counter 
20. 

Specifically, the borrow and carry outputs of the 
AND gates 25 and 26 are fed back to the AND gates 23 
and 24, respecitviey, which prevent the count output 
from changing from 16 to 0 and changing from 0 to 16. 
respectively, thereby avoiding a sudden change in the 
current output "A" of the current source section 1 7 such 
as from II to 16X11 or from 16X11 to II. 

Fig. 5 shows a series of timing charts for signals 
appearing in Fig. 4. In this example, input V leads from 
input R in phase before time instant TO. and lags from 
input R in phase after time instant TO. When it is 
detected that the phase of the input signal V leads the 
phase of the input signal R in the phase comparator 3. 
a high level signal is output at DOWN output thereof, the 
35 high level signal having a pulse width depending on the 
magnitude of the phase error between the phases of the 
inputs R and V. Conversely, when it is detected that the 
phase of the input signal V lags the phase of the input 
signal R. a high level signal is output at UP output 
40 thereof, the high level signal having a pulse width 
depending on the magnitude of the phase error. In 
either case, a low level s-ignal is supplied from NOR gate 
21 having a pulse width which depends on the magni- 
tude of the phase error while a high level signal is simul- 
45 taneously supplied from OR gate 22. The pulse wridth of 
the output signal from OR gate 22 is converted into a 
number of up-count signals which corresponds to the 
pulse width of the output of AND gate 24 to which the 
dock signal CLK is applied, and the up-count signal is 
50 supplied to a conesponding input lU of the up/down 
counter 20. In response to the input of the up-count sig- 
nal lU. the up/down counter 20 increments its count. As 
a consequence, the current output from the current 
source section 17 inaeases in the manner of II to 2X11 
55 to 3X11 ...to 16X11 under the control of the count output 
from the up/down counter 20. 

When the phase comparator 3 supplies a low level 
signal from both UP and DOWN outputs after it has sup- 
plied a high level signal from UP or DOWN output 
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thereof which has a pulse width corresponding to the 
phase error, a high level signal is supplied from NOR 
gate 21 while a low level signal is supplied from OR gate 
22. The pulse width supplied from NOR gate 21 is con- 
verted in the AND gate 23. which responds to the clock 5 
signal CLK, into a number of down-count signal which 
depends oh the pulse width, so that the up/down coun- 
ter 20 decrements its count. Consequently, the current 
output of the current source section 1 7 is reduced in the 
manner of 16X11 to 15X11 to 14X11 ... to 11 under the k 
control of the count output from the up/down counter 20. 
The cun-ent output of the current source section 17 con- 
trolled in this manner is shifted or copied by the current 
mirror circuit 16 into the charge current 16 or discharge 
current 17 for the capacitor Cl . 75 

The above description applies generally for any 
phase error. However, specific description of the cases 
in which the phase error is extremely large and small 
will be described below with reference to Figs. 6 and 7, 
respectively. 

In Fig. 6 showing an initial phase of the PLL circuit 
during synchronizing operation in which the phase error 
between the inputs of the phase comparator 3 is large, 
a high level signal having a large pulse width is periodi- 
cally supplied from UP (or DOWN) output of the phase 25 
comparator 3. In this case, a high level signal having a 
small pulse width is periodically fed from NOR gate 21 
of the synchronization detecting section 18 between the 
intervals of high level signals having a large pulse width 
supplied from OR gate 22, as shown in the drawing, so 
Accordingly, a large number of up-count signals, which 
exceeds in number the down-count signal supplied from 
AND gate 23. is fed from AND gate 24 to the up/down 
counter 20. with the consequence that the current out- 
put of the current source section 1 7 increases from II to 35 
2X11 to 3X11 ... until a maximum current of 16X11 is 
reached. Consequently, the current mirror section 16 
renders the switching section 15 to charge or discharge 
the capacitor CI with a large magnitude of the current in 
the initial phase. 

In Fig. 7 showing a final phase of the PLL circuit 
during synchronizing operation or after lock-in in which 
the phase error between the two inputs is smalt, a high 
level signal having a small pulse width is supplied from 
UP (or DOWN) output of the phase comparator 3. In this 4s 
case, a high level signal having a large pulse width is 
periodically supplied from NOR gate 21 between high 
level signals having a small pulse width supplied from 
OR gate 22. Hence, a large number of down-count sig- 
nals, which exceeds in number the up-count signals sc 
supplied from the AND gate 24. is fed to the up/down 
counter 20 from the AND gate 23. As a consequence, 
the current output of the current source section 17 only 
periodically increases the current output from II to 211 
and immediately decreases from 12 to 11 . which is a min- ss 
imum current in the circuit design of Fig. 3. Conse- 
quently, the current mirror section 16 renders the 
switching section 15 to charge or discharge the capaci- 
tor CI with the minimum current in the final phase. 


It is to be understood that the number of bits in the 
up/down counter 20 or the manner of weighting each bit 
for the current source can be arbitrarily selected 
depending on a particular design for the PLL circuit. 

For example. Fig. 8 shows, similarly to Fig. 3. a cir- 
cuit diagram of a specific arrangement a PLL circuit 
according to another embodiment of th^ invention. The 
present embodiment is different from the first embodi- 
ment in that the up/down counter 20 has a five-bits out- 
put and that current in FETs 02. and 016 to Q20 in the 
current source section 17 is weighted by factors of 1, 

0. 5. 1.2.4. and 8. respectively In this manner, the con- 
trol of the cun-ent output can be incremented or decre- 
mented by a step of 0.5X11 which is less than the 
magnitude of the base current II. This further reduces 
jitter during a time interval in the vicinity of lock-up or 
after synchronization. 

In the above embodiments, the MOS FETs of 
depletion type in the current source section 17 are 
exemplified. However, they may be replaced by MOS 
FETs of enhancement type having their gates con- 
nected to their drains. 

Since the above embodiments are only illustrative, 
the present invention is not limited to the specific 
embodiments thereof and it will be apparent from those 
skilled in the art that various alterations or modifications 
can be easily made therefrom without departing from 
the scope of the invention. 

Claims 

1 . A phase lock loop comprising : 

a voltage controlled oscillator section for 
receiving a first signal representing a control 
voltage to output a second signal having a first 
frequency based on the control voltage; 
a phase comparator for comparing a first phase 
of the second signal against a second phase of 
a reference signal having a reference fre- 
quency to output a first or second phase error 
signal representing a magnitude of a phase 
lead or phase lag of the first phase with respect 
to the second phase; 

a current controller for receiving the first and 
second phase error signals to output a current 
control signal representing a magnitude of the 
phase lead or phase lag» and 
a control voltage generating section for receiv- 
ing the first and second phase error signals and 
current control signal to generate the first sig- 
nal based on the current control signal, 

characterized in that the current control sig- 
nal is represented by n bits wherein n is not lower 
than twa 

2. A phase lock loop as defined in Claim 1 wherein 
each of said first and secorrd phase en-or signals 
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has a pulse duration based on the phase lead or 
phase lag, and wherein said current source control- 
ler includes a synchronization detecting section for 
detecting a synchronization between the inputs o1 
the phase comparator based on the phase error s 
signals, and a counter section for counting tne . 
pulse duration of the phase error signals. 

3. A phase lock loop as defined in Claim 2 wherein 
said counter section receives a clock signal for w 
counting the pulse duration of the phase error sig- 
nal. 

4. A phase lock loop as defined in Claim 2 wherein the 
clock signal is generated based on the reference, is 
signal- 

5. A phase lock loop as defined in Claim 1 wherein 
said control voltage generating section has a cur- 
rent source section including a plurality of current so 
sources each controlled by one of the bits of the 
current control signal, and a summing section for 
adding outputs of said current sources. 

6. A phase lock loop as defined in Claim 5 wherein 25 
said plurality of current sources supply currents 
each weighted by 2" of a unit current. 

7. A phase lock loop as defined in Claim 6 wherein 
said unit current is equal to a base current which is 3o 
a minimum output of the current source section. 

8. A phase lock loop as defined in Claim 1 wherein 
said voltage controlled oscillator section includes a 
voltage controlled oscillator and a internal fre- 35 
quency divider connected to the output of the volt- 
age controlled oscillator. 

9. A phase lock loop as defined in Claim 1 wherein the 
control voltage has a differential substantially pro- 4o 
portional to the current control signal. 
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